Page 1 of 35 



(19) 



J 



(12) 



(43) Date of publication: 

13.09.2000 Bulletin 2000/37 

(21) Application number: 00301878.5 

(22) Date of filing: 08.03.2000 



Europalsches Patentamt 
European Patent Office 

Office europeen des brevets (11) EP 1 034 940 A1 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 7 : B41M5/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FRGB GR IE IT LI LU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 09.03.1 999 JP 61 69699 
19.03.1999 JP 7569299 

(71) Applicant: KONICA CORPORATION 
Tokyo (JP) 



(72) Inventors: 

• Ohbayashl, Kelji 
Hlno-shl, Tokyo (JP) 

• Hatano, Osarnu 
Hino-shi, Tokyo (JP) 

• Kasahara, Kenzo 
Hino-shi, Tokyo (JP) 

(74) Representative: 

Ellis-Jones, Patrick George Armine 
J.A. KEMP & CO. 
14 South Square 
Gray's Inn 

London WC1R5LX (GB) 



(54) Ink-Jet recording sheet containing dicyandiamide- based copolymers 

(57) An ink jet recording sheet is disclosed. The 
recording sheet comprises a water non-absorptive sup- 
port and a porous ink absorptive layer comprising dicy- 
andiamide polycondensation product on the support. 



CO 



LU 



Primed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



• 



EP 1 034 940 A1 



Description 

FIELD OF THE INVENTION 



[0001] The present invention relates to an ink jet recording sheet (hereinafter occasionally referred to as a record- 
ing sheet) and its production method, and specifically to an ink jet recording sheet which exh.brts .mproved water resist- 
ance as well as improved light fastness, and its production method. 



BACKGROUND OF THE INVENTION 



[0002] In recent years, the image quality of ink jet recording has rapidly improved and has approached tta t of con- 
ventional photography. In order to realize such conventional photographic quality employing .nk jet recording, improve- 
meS hav P e beVn earned out in the area of the recording sheet As a result, a recording sheet. wh,ch ^mpns« °« • 
highly smoothened surface support having thereon a layer comprising minute voids, has been developed, and due to 
, 5 its excellent ink absorbability as well as inkdrying properties, has become one of the recording sheets wh.ch are capa- 
ble of producing images closest to that of conventional photography. ... .. 

[0003] Accompanying such achievement of high quality image, still higher quality has been demanded for recording 
sheets. Specifically, an ink jet recording sheet, which is comprised of a water "^-a^^^h^ thweonan 
Ink absorptive layer, is preferably employed, since it is capable of producing high quality prints due to its ability to main- 

20 SSoT "EES tS3£ iiSnt-ter-soluble dyes are commonly employed as colorants, and such water- 
soluble dyes are highly hydrophilic. Therefore, when recorded images are stored at high humidity for an extended 
period of time after recording, or a drop of water comes into contact with the recorded surface, the to Weed 

[0005] In oider to solve these problems, rt is a general practice that dye-fixing matenals are incorporated inter the 
mage receptive layer. Listed as such dye f bang-agent is a cationic f ixing-agent such as inorganic pigment (f m rtmna 
particles and the like) having a cationic surface, cationic polymer having quaternary ammonium bases in their mole- 

ro«Wi and On the other hand, in ink jet recording, water-soluble dyes are commonly employed as colorants, and such 
water-soluble dyes are highly hydrophilic. Therefore, when recorded images are stored at high humidity for an extended 
pen* of me after recording, or a top of water comes into contact with the recorded surface «ie dyes «^ Weed In 
order to solve these problems, it is a general practice that dye-fixing matenals are incorporated into the .mage receptive 
layer Listed as such dye-fixing agents are inorganic pigments (fine alumina particles and the like) having a cat.on.0 sur- 
face, cationic polymers having quaternary ammonium bases in their molecules, and the like^ 
[0007] The fine alumina particles themselves exhibit high dye f ixabilrty and are capable of converting an ink absorp 
live layer to a void layer, by using a small amount of binders (polyvinyl alcohol and the like). However, since the mater.al 
cost is relatively high, it is not advantageously used in production of less expensive recording sheets. 
[0008] On the other hand, cationic copolymers having the quarternary ammonium bases in their molecules, when 
used with various types of fine particles, are capable of providing water resistance to a void layer type ink absorptive 

ioo09] When said cationic materials are incorporated into the porous layer, said ds^vamage tends to be more 
marked. In addition, results of investigation performed by the present inventors have revealed that such a problem tends 

to occur in the areas where air is easily circulated. 

[0010] Conventionally, it has been well known that antioxidants effectively minimize photofading in wh.ch oxygen « 
involved However, according to the investigation results of the present inventors, photofading of .mages, which are 
recorded using a water-soluble phthalocyanine based dye on an Inkjet recording sheet compns.ng a water non-absorp- 
tive support having thereon a void layer, has not been effectively minimized. „ 
[0011] When added to an ink jet recording sheet, almost all compounds. wh.ch have been found to be effective, 
exhibit relatively sufficient minimization of photofading during the initial period of time. However, the effects tend to grad- 
ually decrease over time, and photofading over a relatively long period of time, in which oxygen is involved, has not 

so ^ n 2 ^ n ^ r ™ Z ^ e ^ degradation of light ^ess, a number o. proposals have been made regarding 
the addition of UV absorbers as well as various types of antioxidants. 

[0013] However, the addition of such compounds to an ink jet recording sheet compns.ng a void laye having h gh 
oxygen permeability, has resulted in unsatisfactory effects. When a large amount of vanous types .<* »^ ^ 
55 art additives is added in order to obtain sufficient minimization of photofading. the .nk absorbab.lity of the vo.d layer is 

ST TaTditbn, conventional fading resistant additives surely exhibit effects during the initial period of time when 
exposed to light. However, a problem occurs in which the effects are gradually lost when continually exposed to light. 
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[0015] Specifically, when a cationic polymer having quaternary ammonium bases in its molecule is employed such 
problems are increased. Accordingly, it is sought that water resistance as well as light fastness be improved while the 
ink absorption rate is not adversely affected. 

[0016] When the cationic polymer is employed, the degradation of light fastness is accelerated due to the vadlayer 
andthis cause has not been yet clarified. However.it is assumed that dyes tends to be fixed ,n a more upper layer, that 
is, a surface and to suffer the effects of oxygen. . 
rooi71 Japanese Patent Publication No. 2-35675 describes an ink jet recording sheet in which hght fastness is 
mproved emptying polyalkylenepolyamine-dicyandiamide ammonium salt condensation products as the catonw 
Sn^rt^ Japanese Patent Publication Open to Public Inspection No. 9-254529 descnbes an ,nk jet recording 
sheet which employs polyalkylenepolyamineKlicyandiamide condensation products comprising no quaternary ammo- 
n^s^sfru^WeLlJngin minimized yellow staining on the white background as wel. as minimized fad.ng is mm.- 

mized and improved water resistance. i—-— - ^^..i 

[0018] When an ink absorptive layer is comprised of a void layer, during ink ,et recording, uniform ^9es without 
unevenness are obtained due to excellent ink absorbability. On the contrary, however, oxygen permeability is large due 

is to the porous layer, and after image recording, images tend to fade due to light. 

0019] Specifically, when recording is earned out employing an ink jet recording sheet comprising a water non- 
Stive support having thereon a porous ink absorptive layer, while employing a water based ink comprising water- 
SScip^htnalocinine as the ink colorant, it has been discovered that problems occur in which photofading 

tends to be accelerated depending on the ambient conditions. . j . ... . . . „ 

0O20] The present inventors have diligently investigated this aspect and have discovered the following^ Ink com- 
orises low volatile, high boiling point organic solvents (diethylene glycol, glycerin, and the like) n an amount of about 30 
Srrtbyweight Further, in said ink. the concentration of phthalocyanine based dye is relatively low (specrhcally. no 
more than about one percent by weight). When recording is carried out employing an ink jet recording sheet cojnpnsjng 
a water non-absorptive support having thereon an ink absorptive layer, while employing the aforementioned ink. notice- 
able photofading of the copper phthalocyanine based dyes tends to occur. 

S5l] Furthermore, rt has been discovered that said photofading is dependent on the *^e* co^r* e^ 
Sally humidity, and the higher the temperature, the more fading occurs. Investigation results indicated that oxygen also 

SK* Smcording sheets described in said patent publications, only those employing water absolve 
supports aredescribed. The investigation resultsby the presem inventors have shewn that mw^ 
enSoy ng such polyalkylenepolyamine-dicyandiamide based polycondensation products (that is a recording she* in 
Salupport^oms indents), fading resistant effects are not evident for phthalocyanine based dyes t s 
earned S such results are obtained due to the fact that when a water absorptive support. 
employed, oxygen penetrates from the rear surface of the ink absorptive layer, oxygen readily passes through the sup- 

35 port due to voids having larger diameter, and thus fading resistant effects are not obtained 

?0023] In the ink jet recording sheets described in the aforementioned patent publications, a large amount of said 
compound is added to obtain sufficient water resistance, so that the ink absorption rate decreases in any case, and spe- 
cifically, in high speed ink jet recording in recent years, uneven images tend to be produced. 

40 SUMMARY OF THE INVENTION 

[0024] Accordingly, an object of the present invention is to provide an ink jet recording ^eet whidn e^ibte 
Snproved water resistance as well as improved light fastness while the ink absorption rate is not adversely affected, and 

m^^J£™r~<* invention is provide an ink jet recording sheet which exhibits improved light 
fastness when an ink jet recording sheet comprising a water non-absorptive support having thereorjapor^sir^ 
absorptive layer is subjected to Inkjet recording employing a water-based ink comprising, particularly, a copper phthalo- 
cyanine based water-soluble dye. r 

[00261 The ink jet recording sheet of the present invention and its embodiments are described below. 
[0027] An ink jet recording sheet comprising a water non-absorptive support having thereon a porous ink absorp- 
tive layer comprising dicyandiamide polycondensation product. ^ ^ nt ^. nrn 
[0028] An ink jet recording sheet comprising a water non-absorptive support having thereon a porous ink absorp- 
tive laver comprising polyalkylenepolyamine-dicyandiamide polycondensation product. 

ESS T^e po?ous!nk SsorpSve layer preferably comprises a cationic f ixing-agent having quaternary ammonium 

55 bases in its molecule. 

[0030] The preferable example of the cationic f ixing-agent is a cationic polymer. 

[0031 ] The other preferable example of the cationic f ixing-agent is a silane coupling agent. 

[0032] The porous ink absorptive layer preferably comprises boric acids or its salt. 
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[0033] The porous ink absorptive layer preferably comprises water-soluble polyvalent metal ion. 

[0034] "me porous ink absorptive layer preferably comprises a water-soluble reducing agent. 

[0035] The porous ink absorptive layer preferably comprises a sulfur-containing compound. 

[0036] The porous ink absorptive layer preferably comprises a hydrophobic antioxidant. 

[0037] The hydrophobic antioxidant is preferably emulsified dispersion. 

[0038] The porous ink absorptive layer preferably comprises a latex-based polymer. 

DETAILED DESCRIPTION OF THE INVENTION 
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[0039] The present invention will be detailed below. 

[0040] The water-soluble cationic polymers having quaternary ammonium bases in their molecules are water-sol- 
uble ones having quaternary ammonium bases in the polymer's main chain or side chain, and those known in the art 
are employed in the ink jet recording sheet. However, in the present invention, from the viewpoint of improvements in 
light fastness as well as water resistance of the ink jet recording sheet, water-soluble cationic polymers having a qua- 
ys ternary ammonium base in the side chain are particularly preferred. 

[0041] Listed as examples of polymers having an ammonium base in the polymer main chain are epichlorohydr.n- 
dimethylamine addition polymerization products, dimethylaniline ammonium chlodide-S0 2 copolymerization products, 
dimethylaniline ammonium chloride polymerization products, and the like. 

[0042] Listed as water-soluble cationic polymers, having a quaternary ammonium base in the polymer side chain, 
20 are polyalkylamine salt polymerization products or water-soluble polymers having repetition units represented by the 
general formulas (1) or (2) shown below. 



General Formula (1) 
25 [0043] 
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Formula (1) 
[0045] 



In the formula R and R' each represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms. R,, R 2 . R 3 . Ri'. 
R 2 \ and R 3 each independently represents an alkyl group, and, A and J each represents a divalent bonding group. X, 

[0046] ^IMh^ieS'formulas (1) and (2), practically R and R' each represents a hydrogen atom or an alkyl group 
having from 1 to 4 carbon atoms, and is preferably a hydrogen atom or a methyl group. 

[0047] Rl R 2 , R 3 . Ri\ R 2 \ and R 3 'each independently represents an alkyl group, and each is preferably a methyl 
group or an ethyl group. Each of these alkyl groups may have a substituent. 

r00481 A and J each represents a divalent bonding group. A is preferably a simple bonding group or -CONH- or - 
COO- J preferably represents a simple bonding group or -CON(R") (R" represents a hydrogen atom or an alkyl group 
which may have a substituent) as the organic group. „ » • . i 

[00491 X" represents an anion (a halogen ion, a methyl sulfate ion, a p-toluenesulfonate ion, etc.). 
0050] Preferred as water-soluble cationic polymers, having quaternary ammonium bases in their molecgle^re 
hose having repetition units represented particularly by the aforementioned general formula (1 or formula (2). They 
nS blither homopolymers comprised of the repetition units represented by the general formula (1) or (2). or copol- 
ymers with repetition units comprising no quaternary ammonium bases. 

[0051 ] Further, the repetition units having quaternary ammonium bases may include both repetition unrts repre- 
sented by the general formulas (1) and (2). Still further, they may include at least two of each of the repeat units repre- 
sented by the general formula (1) or (2). 

[00521 Listed as monomers employed as repetition units having no quaternary ammonium bases, which are copo- 
ymerized with those represented by the general formula (1) or (2). are, tor example, styrene. butadiene. m*- 

35 acrvTate ethyl methac^ate. butyl methacrylate. methyl acrylate, ethyl acrylate. butyl acrylate. 2-ethylhexyl acrylate, 2- 
£S fTetnTcSate. hydroxy! ethyl methacrylate. vinyl acetate, vinyl ether, acrylamide. N-methylacry.am.de. N- 
butylaaylamide. N-vinylimidazole. 4-vinylpyridine. N-vinylpyrrolidone. and the like. -lMimfc - ril , 
[0053] When the aforementioned water-soluble polymers are copolymers, the content ratio of repetition units rep- 
resented by the general formula (1) or (2) is preferably between 20 and 100 mole percent, and is most preferably 

40 between 30 and 100 mole percent. . llK1 „ ._ 

[00541 The aforementioned water-soluble cationic polymers having quaternary ammonium bases are soluble in 
water due to the presence of the quaternary ammonium bases. However, depending on the composition of mourners 
having no quaternary ammonium base, which are subjected to copolymerization, or the ratoo of copolymer^ the resuft- 
ir^pSJmers may be not be soluble in water. However, as long as they are soluble in a solvent mixture of water and 

45 water miscible organic solvents, they may be employed in the present invention 

[0055] Water miscible organic solvents as described herein mean organic solvents which are soluble in water com- 
monly in an amount of at least 10 percent, and such organic solvents include alcohols such as mettianol tfhanol ^so- 
propanol. n-propanol and the like; glycols such as ethylene glycol, diethylene glycol glycerin, and I to hke esterc such 
aseThyl acetete, propyl acetate, and the like; ketones such as acetone, methyl ethyl ketone, and the lite, amides such 

so as N,N-dimethylfoVmamide and the like. In this case, the employed amount of organic solvents is preferably no more 

loose?* ^Specific examples of water-soluble cationic polymers having quaternary ammonium bases in their mole- 
cules are illustrated below. However, the present invention is not limited to these examples. 
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[0057] The number average molecular weight of the aforementioned cationic polymers is preferably between 2.000 

and 100,000, and is most preferably between 3,000 and 80,000. 

r00581 The dicyandiamide based polycondensation products as employed in the present invention are Deconden- 
sation products comprised of monomers having dicyandiamide as a partial structure. Listed as represented* examples 
are po^alkylenepolyamine-dicyandiamide based polycondensation products which are polycondensato.^ 
between polyalkylenepolyamine and dicyandiamide. formalinOicyandiamide based poly^ndensat.on 
are polycondensation products obtained by allowing formalin to react with dicyand.am.de ftrough a m^o^mmg 
reaction, and the like, a these, in the present invention, specifically polyalMenepolyam.ne-d.cyarKl.am.de based poly- 
condensation products may be preferably employed. „« m , in ^.i n „ a ™ 
[00591 The polyalkylenepolyamineKlicyandiamide based polycondesnatm products of the present invention are 
Dolycondensation types of polyalkylenepolyamine with dicyandiamide. Polyalkylenepolyamines include dnttylantfn- 
am!S tetnyleneSaamine, tetraethylenepentaamine. aminobispropylamine, and chlorides, sulfates, and acetates 

SKof Various types of polyalMenepolyamine-dicyandiamide polycondensation products are commerdally availa- 
ble. They include, for example. Neofix RP-70. Sunfix 414 (manufactured by Meise. Kagaku Kogyo). (Neof.x PNF-70. 
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and Neofix E-117 (those above manufactured by Nikka Kagaku Co.). Parafix EP (manufactured by Ohara PaHad Gum 
Kaaaku Co) Daiazinfix 400 (manufactured by Nissei Kagaku Co.). Fastgen P-708 (Tokaiseiyu Kogyo Co). J*ta 20 
(manufactured by Kuroda Kako Co.). Kayafix M (manufactured by Nihon Kayaku Co.), PAP-1 (manufactured by Ninon 

Senka Kogyo Ca). and the like. , ^_ . 

[0061 j -me added amount of polyalkylenepolyamine-dicyandiamide based polycondensation products is between 
about 0.01 and 5 g per m 2 of the recording sheet, and is preferably between 0.1 and 2 g^ 

r00621 TTie ink jet recording sheet of the present invention comprises a water non-absorptive support having ther- 
eon a porous ink absorptive layer. Conventionally a number of methods have been known which form sa-d ^porous ink 
absorptive layer. Specifically, however, the porous ink absorptive layer is preferably comprised of a void layer composed 
of inorganic pigments and a small amount of hydrophilic binders. . . . ara 

[0063] Tbe formalin-dicyandiamWe based polycondensation products of the present invention are ones which are 
obtained employing a methytol reaction of formalin with dicyandiamide. 

[00641 The ink jet recording sheet of the present invention may be applied to either a wet type ink jet recording 
sheet in which the ink absorptive layer provided on a support comprises hydrophilic binders, and during ink jet record- 
inq said ink absorptive layer swells and accommodates ink, or a void type ink jet recording sheet in which the ink 
absorptive layer forms a void layer comprising inorganic pigments as well as a small amount of hydrophilic binders 
[0065] In recent years, however, high ink absorbability has been increasingly sought and specifically, a void type 
ink absorptive layer is preferred from the viewpoint of image quality, drying properties after recording or water resist- 

10066? further, the support itself preferably exhibits excellent water resistance. Tlie support, which exhibits excel- 
lent water resistance, is generally a non-porous support. When an ink absorptive layer having a void structure is pro- 
vided on said support me narked effects of the present invention are realized. 
r00671 The particularly preferable void type ink absorbing layer is described below. 

[0068] The ink-absorptive layer is a void type ink absorbing layer comprised of a hydrophilic binder and fine .nor- 

fowor* Sed as examples of fine inorganic particles can be whiteinorganic pigments such as soft calcium carbon- 
ate heavy calcium carbonate, magnesium carbonate, kaolin, clay. talc, calcium sulfate, barium sulfate, titanium d.coode. 
zinc oxide, zinc hydroxide, zinc sulfide, zinc carbonate, hydrotalcite, aluminum silicate, diatomaceous earth cata.um sM- 
icate, magnesium silicate, synthesized amorphous silica, colloidal silica, alumina, colloidal alumina, pseudoboehmite, 

aluminum hydroxide, lithopone. zeolite, magnesium hydroxide, etc. . 

r00701 Primary particles without any treatment may be employed as such inorganic particles. Alternatively, second- 
ary aggregated particles may be formed and employed. In order to obtain excellent glossiness, inorganic particles are 
preferably employed so as to form a particle size of 0.01 to 0.1 urn in the layer. ^, 
[0071] In the present invention, from the viewpoint of lower cost and possible realization of high reflection density, 
fine particles with low refractive index are preferred. More preferred as fine inorganic particles having an anionic surface 
are silicas synthesized by a gas phase method or colloidal silicas. 

10072] Further, employed as fine inorganic particles having the cationic surface may be suriace-trea ted silica pre- 
pared by a gas phase method, cationic surface-treated colloidal silica and alumina, colloidal alumina, false boehmite. 

raSreT "Veiled as examples of hydrophilic binders employed in the ink absorptive layer are polyvinyl alcohol, gelatin, 
polyethylene oxide, polyvinyl pyrrolidone. polyacrylic acid, polyacrylamide. polyurethane d extran . dext J. ^r'ageenan 
(k. , . I etc.). agar. Pullulan. water-soluble polyvinyl butyral. hydroxyethyl cellulose, carboxymethyl cellulose, and the 

like. „ 
[0074] Two types or more of these binders may be used in combination. 
[0075] The hydrophilic binder preferably employed in the present invention is polyvinyl alcohol. 
0076] In addition to the common polyvinyl alcohol obtained by hydrolyzing polyvinyl acetate, polyvinyl alcohols 
which are preferably employed in the present invention include modified polyvinyl alcohols such as polyvinyl alcohol in 
which the terminal is subjected to cation modification, anion modified polyvinyl alcohol having an anionic group, and the 

[00771 Polyvinyl alcohols obtained by hydrolyzing polyvinyl acetate, which have a degree of polymerization of at 
least 1 .000, are preferably employed and those having a degree of polymerization of 1 .500 to 5.000 are more preferably 

IWbT 66 Polyvinyl alcohols having a saponification degree of 70 to 100 percent are preferred, and those having a 
saponification degree of 80 to 99.5 percent are particularly preferred. B , Mixtion 

; [0079] Cation modified polyvinyl alcohols include those described, for example, in Japanese Patent Publication 
Open to Public Inspection No. 61-10483. which comprise a primary, secondary, or tertiary amino group, or a quaternary 
ammonium group in the main or side chain of said polyvinyl alcohol, and are obtained by hydrolyzing a copolymer of an 
ethylenic unsaturated monomers having a cationic group with vinyl acetate. 
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[00801 Listed as ethylenic unsaturated monomers having a cationic group are, for example. trimethyl-(2-acryla- 
mide-2.2-dimethylethyl)ammonium chloride. trimethyl-(3-acrylamkie*.3<iime^ *JSfl m ^ 
vinylimdazole. N-vinyl-2-methylimidazole. N-(3-dimethylaminopropyl)methacrylamKle • hydro^letrvltnmetr^ammo- 
nium chloride. trimethyl-(-methacrylamidopropyl)ammonium chloride. N-d.Klimethyl-S^.methylammopropyDacryla- 

0081 1^ The ratio of monomers containing a cation-modified group of cation-modified polyvinyl alcohol is between 
0 1 and 1 0 mole percent of vinyl acetate, and is preferably between 0.2 and 5 mole percent. 

[0082] The anion-modified polyvinyl alcohol includes, for example, polyvinyl alcohol compnsing an anionic group 
such asdescribed in Japanese Patent Publication Open to Public Inspection No. 1-206088, copolymers of vinyl alcohol 
with a vinyl compound having a water-soluble group as described in Japanese Patent Publication Open to PubUo 
Inspection Nos. 61-237681 and 63-307979, and modified polyvinyl alcohol having a water-soluble group as described 

in Japanese Patent Publication Open to Public Inspection No. 7-285265. . „ 

[0083] The nonion-modified polyvinyl alcohol includes, for example, polyvinyl derivatives in which a P°W«; e 
oxide group is added to a part of the polyvinyl alcohol as described in Japanese Patent Publ.cat.on Open to Public 
Inspection No. 7-9758 and block copolymers of a vinyl compound having a hydrophobic group w.th vinyl alcohol 
described in Japanese Patent Publication Open to Public Inspection No. 8-25795. 

[0084] Two types or more of polyvinyl alcohols, which differ in the degree of polymer.zat.on and modification, may 

be employed in combination. , , . u 

[00851 The added amount of f ine inorganic particles, employed in the ink absorptive layer, largely depends on the 
desired ink absorbing capacity, the void ratio of the void layer, the types of inorganic fine particles, and the types .of 
hydrophilic binders. However, said amount is commonly between 5 and 30 g per m 2 of the recording sheet, and is pref- 

[0OM y ] betW Further. tile ratio of fine inorganic particles employed in the ink absorptive layer to the hydrophilic binder is 
commonly between 2 : land 20:1. and is most preferably between 3 : land 10:1. 

[0087] The employed weight of water-soluble cationic polymers having quaternary ammonium bases in their mole- 
cules is commonly between 0.1 and 10 g per m* of the ink jet recording sheet and is preferably between 0.2 and 1 5 , * 
[0088] On the other hand, the employed amount of polyalkytenepolyamine^icyandtamide based polycondensation 
products and formalin-dicyandiamide based polycondensation products is commonly in the range of 0.05 to 5 g per m 

of the recording sheet, and is preferably in the range of 0.1 to 2 g. 

[00891 Further the weight ratio of polyalkylenepolyamine-dicyandiam.de based polycondensation products or tor- 
malindicyandiamide based polycondensation products to water-soluble polymers, having quaternary ammon.um 
^ S^ataaUy between 0 05 and 1.0. When said ratio is at least 0.05. sufficient fading resistant effects are 
obtained. Further, when said ratio is no more than 1 . the ink absorbing rate is acceptable. Due to the above points, said 
ratio is more preferably between 0.05 and 0.1 . „ , . M .. 

[0090] In order to obtain excellent glossiness and to obtain the high void ratio without degrading layer brrttleness. it 

is preferable that the aforementioned hydrophilic binders are hardened by hardeners. 

[00911 Generally, hardeners are compounds which comprise a group capable of reacting with the aforementioned 
hydrophilic binders, or which promote reaction between different groups which sad hydrophilic binders compr.se. and 
are properly selected and employed in accordance with types of said hydrophilic bmders 

[0092] Specific examples of hardeners include epoxy based hardeners (diglycidyl ethyl ether, ethylene glycol d.gty- 
cidyl ether. 1 4-butanediol glycidyl ether. 1 .6«Jiglycidylcyclohexane, N.Ndiglyddyl-4-glycidyloxyan.l.ne • ^*' to ' P^" 
lycidyl ether, glycerol polyglycidyl ether, and the like), aldehyde based hardeners (formaldehyde glyoxalj and the like) 
active halogen based haveners (2.4-dich.oro-4-hydroxy-1.2.5-s-triazine. and the like). ^^'^^"Sf 
(1 ,3.5-trisacryloyl-hexahydro-s-triazine. bisvinylsulfonyl methyl ether, and the like), boric acids and salts thereof, borax, 

ro093] Um wTe'^MlJvfnyl alcohol and/or cation modified polyvinyl alcohol is employed as the particularly preferred 
hydrophilic binder, hardeners are preferably employed which are selected from boric acids and salts thereof, as well as 

epoxy based hardeners. . 
[0094] However, the most preferred haveners are those selected from boric acids and salts thereof 
0095 Boric acids or salts thereof, as described in the present invention, are oxygen acids having a boron atom as 
the central atom, and salts thereof, and specifically include orthoboric acid, diboric acid, metabonc aad. tetraboric acd. 

pentaboric acid, octaboric acid and salts thereof. , h^,,^,:,. WlnriB ~ 

[00961 The employed amount of the aforementioned hardeners vanes depending on types of hydrophilic binders, 
types of hardeners, types of fine inorganic particles, and the ratio to hydrophilic binders. However, said amount is com- 
r monly between 5 and 500 mg. and is preferably between 1 0 and 300 mg. 

[00971 When coating a water-soluble coating composition for forming the water-based ink absorptive layer of the 
present invention, the aforementioned hardeners may be added to said coating compositioa Alternatively, the water- 
based coating composition for forming the ink absorptive layer of the present invention may be applied onto a support 
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onto which a coating composition comprising hardeners has been applied. Further, after coating the water-soluble coat- 
ing composition (comprising hardeners) for forming the ink absorptive layer of the present invention, and subsequently 
drying hardeners may be provided by coating thereon a hardener solution. However, of these, from the viewpoint of 
production efficiency, a method is preferred in which hardeners are incorporated into the water-soluble coating compo- 
sition for forming the ink absorptive layer of the present invention and then coated. 

[0098] A porous ink absorptive layer may be comprised of two layers or more. In such a case, the constitutions of 

these ink absorptive layers may be the same or different. . 

[0099] In the ink-receiving layer and an optional layer provided on demand of the ink-jet recording sheet, vanous 

additives can if desired be added. 

[0100] For example, it is possible to add various additives, known in the art. such as UV absorbers described in Jap- 
anese Patent Publication Open to Public Inspection Nos. 57-74193. 57-87988 and 2-261476. arrtrfeding agents 
described in Japanese Patent Publication Open to Public Inspection Nos. 57-74192. 57-87989. 60-72785^1-14659^ 
1 -95091 3-13376 etc.. various anion, cation or nonion surface active agents, fluorescent whitening agents described 
in Japanese Patent Publication Open to Public Inspection Nos. 55M2993, 59-52689. 62-280069, 61-242871 . 4-219266^ 
etc^H-adjusting agents such as sulfuric acid, phosphoric acid, acetic acid, citric acid, sodium hydroxide, potassium 
hydroxide, potassium carbonate, etc.. antifoaming agents, lubricants such as diethylene glycol, etc.. antiseptics, thick- 
eners, antistatic agents, matting agents, etc. 

[01011 Latex-based polymers are preferably incorporated specifically into the ink absorptive layer of the present 
invention, since fading resistant effects are further exhibited. Said latex-based polymers having a Tg (a glass transition 
point) of no more than 40 °C are preferably employed, since the desired effects of the present .nvenhon are further 

WO?!* The latex-based polymers preferably employed in the present invention are preferably those prepared 
through polymerization employing an emulsion polymerization method, and preferably employed are. for example, pol- 
ystyrene latex, styrene-butadiene copolymer latex, acrylonitrile-butadiene based latex, polyacrylic aod ester based 
latex, polymethacrylic acid based latex, vinyl chloride based latex, vinyl acetate based latex, ethylene-vinyl acetate 

WO?] lat ^Listed t as 'Secific examples of the aforementioned latex based polymers may be styrene/butadiene latex 
7/3) polyvinyl latex, vinyl acetate/ethylene latex (9/1). vinyl acetate/ethyl methacrylate latex (5/5). vinyl chlor.de/etfiW 
acrylate (3/2) ethyl acrylate/methyl acrylate/hydroxyethyl melhacrylate (5/4/1), styrene/butyl acrylate/hydroxyethyl 
methacrylate (1/6/3), silicone latex, and the like. In the above description, the copolymerization ratio in parentheses rep- 

[0104? 8 "The employed amount of the aforementioned polymer latex is preferably between 0.1 and 2 g per m* of the 
recording sheet. When the amount is at least 0.1 g. sufficient fading resistant effects are obtained. Further, when the 
amount is no more than 2 g. the void ratio in the ink absorptive layer does not decrease. As a result, the sufficient 
amount of an ink is absorbed without fail, to maintain the high ink absorption amount. 

[0105] The ink absorptive layer may be comprised of two layers or more. In that case, constitutions of these ink 

absorptive layers may be the same or different. . . „ ; . „, 

[0106] In the recording sheet of the present invention, the light fastness of phthalocyanine based dyes are improved 
by adding polyalkylenepolyamine-dicyandiamide based polycondensation products to the ink absorptive ayer on a 
water non-absorptive support. The resulting fading resistant effects may be maintained by further adding water-soluble 
reducing agents, sulfur-containing compounds, or hydrophobic antioxidant emulsified dispersions. When stored at h.gh 
humidity, said fading resistant effects are prominently exhibited. . □ ^i^^w™. 

[0107] Water-soluble reducing agents are described in Japanese Patent Publication Open to Public Inspection Nos. 
8-300807 8-1 50773 8-1 0861 7. 9-267544. and others. Cited as those are. for example, surfites, nitrites, phosphites, thi- 
osulfates 'ascorbic acid or salts thereof, hydroxyzine derivatives (N,N-diethylhydroxylamine. N.N-disulfoethylhydrox- 
ylamine Sodium salt. N-hydroxyphthalimide. N.N-dicarboxyethylhydroxylamine sodium salt, and the like), glucose, and 

[O^ObT Sulfur-containing compounds are described in Japanese Patent Publication Open to Public Inspection Nos. 
61-177279 61-163886, 64-36479, 7-314883, 7-314882, 1-1 15677. and others. Cited as those are. for example, thiocy- 
anates. thiourea. 2-mercaptobenzimidazole, 2-mercaptobenzthiazole. 2-mercaptobenzoxazole. 5-mercapto-1 -meth£- 
tetrazole. 2.5-dimercapto-1,3.4-triazole, 2.4.6-trimercaptocyanuric acid, thiosalicylic acid, th.ourac.l. 1.2-bis(2- 

hydroxyethylthio)ethane and the like. 

[0109] Utilized as hydrophobic antioxidants may be antioxidants known in the art, such as described in. for exam- 
ple Japanese Patent Publication Open to Public Inspection Nos. 57-74192. 57-87989. 1-1 15667. 3-13376 and others. 
Particularly preferred antioxidants are so-called hindered phenol based antioxidants, in wh,ch at W tjne ol the 
hydroxy! groups in the ortho position is substituted with a tertiary alkyl group, piperidine based antioxdants (being so- 
called hindered amines) in which both of the two carbon atoms bonding to a nitrogen atom are substituted wrth alkyl 
groups and antioxidants in which at least one hydroxyl group in the phenols or hydroxybenzenes is modified to ether 
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101101 Aforementioned hydrophobic antioxidants are emulsifying-dispersed into a hydrophilic binder together with 
hydrophobic high boiling point organic solvents (such as di-2-ethylhexyl phthalate. ^^^f^^^c 
phate%i-2-ethylhexyl phosphate, and the like), and the resulting dispers.cn is then added. When ^ese ^Jiobjc 
antioxidants are dissolved in an organic solvent such as acetone, methanol, and the like, and added, or are added 
employing a wet shattering method, fading resistant retaining effects are degraded „ u=ww,«i <; 

[0111] The ratio of the hydrophobic antioxidants to the high boiling point organic solvent is generally between 1 . 5 

[0112? : 1 ' The 'added ar^um?f°compounds. which maintain the fading resistant effects of the aforementioned poly- 
alkylenepolyamine-dicyandiamide. is generally between 0.01 and 10 g per m 2 of the recording sheet. . 
[01131 incidentally, in order to provide water resistance to a porous ink absorptwe layer, generally, as inorganic pig- 
ments fine alumina particles having a cationic surface are employed, or fine silica particles having a cabon.c surface 
Te^'ed together wi* a cationic polymer having quaternary ammonium bases. When the ^^^^^ 
yandiamidel based polycondensation product is incorporated into such an ink absorptive layer. Need.ng tends to be 

?o n i h 14] Ced SelTminirnize such degradation bleeding, when boric acid or salts thereof, or water-soluble polyvalent 
metal ions are incorporated into the ink absorptive layer, said bleeding is minimized. 

r0115l Further water soluble polyvalent metal ions include divalent to tetravalent metal ions and specrf ically listed 
Ire S 2 *. Mb* Cu* Fe 3+ . N?+Co z \ Af* and the like. Of these. Ca 2 \ Mg 2+ . Zn 2 *. and A?* are particularly pre- 
lum] The added amount of such polyvalent metal ions is generally between 0.1 and 1 0 millimoles per m 2 of the 
ecording sheet. When said amount is less than 0.1 millimole, no noticeable effects are obtained^ ^the ' ^J"* 
when said amount exceeds 10 millimoles. dye aggregation is enhanced and a bronzing phenomenon tends to occur on 
the surface. The said amount is most preferably between 0.2 and 2 millimoles. + 
[01171 Further, it is necessary to pay attention on the content amount of univalent cations such as K , Na, Nrto 
and the like in the ink absorptive layer comprising p 0 |yalkylenepolyamine<Jicyandiamide *>'ycondensat. °" P^"^ 
[01181 The amount of said univalent cations exhibits relatively small effects on the ink absorbability, and bleeding 
and fading after printing. However, when added excessively, bleeding after printing tends to be enhanced. The added 
amount is preferably no more than 0.1 millimole per m 2 of the recording sheet, and .s most preferably no more than 0.05 
millimole. Further, the lower limit is not particularly specified. . r . 

pniq Further, water-soluble polyvalent metal ions are preferably incorporated into the ink absorptn/e layer of the 
recording sheet of the present invention. 

[01201 Employed as colorants may be pigments or dyes such as direct dyes, aod dyes, basic dyes, reactive dyes 
which are known in the ink jet art. or water-soluble dyes such as food dyes, and the like, or water-d.spers.ble pigmente^ 
Of them those, which are particularly effective, are dyes which comprise phthalocyan.ne based dyes as cyan dyes. The 
Dhthalocvanine dyes are particularly well known in the cyan based dyes and are employed. 

SSST^SS employed as the supports of the ink jet recording sheets of the present invent.on can be mn- 
iona paper suppits. pUic supports, composite supports, and the like known in the art. However. 
clear images wlthincreased density, hydrophobic supports are preferred into which ink liquid does nd < P™*** 
[0122] In order to enhance the water resistance of a recording sheet as well as to minimize image Heeding."* addi- 
tion to the aforementioned polyalkylenepolyamine-dicyandiamide based polycondensation products, further <*to™**- 
no agents having quaternary ammonium bases are preferably employed in the ink absorptive layer. Usted as cationic 
ISng ?agTnt? are w*er-soluble cationic polymers having quaternary ammonium bases in the molecule. s.lane coupl.ng 
aaents havina quaternary ammonium bases, and the like. 

[oS PolyalkylenepolyamineKJicyandiamide polycondensation products themselves exh,b.t dye f.xab.lrty. How- 
ever, many such polycondensation products have relatively small molecular weight and thus occasionally , feMrtU 
sufficient fixability. On the other hand, when cationic fixing agents having quaternary ammonium , bases ^ employed 
in the porous ink absorptive layer, light fastness, which is the problem to be solved .n the present wertoon tends to be 
degraded. However, when the polyalkylenepolyamine^icyandiamide based polycondensation product accort tang to the 
present invention is employed in combination, effects to improve dye fixability. that is water resistance as well as light 

fastness, are >™£W coupling agent having quaternary ammonium bases reacts with the surface of fine inor- 
ganic particles such as silica and the like, and results in an increase in diffusion resistance. Thus it is capable of fixing 

r [0125] Usted as such coupling agents may be the following compounds which are described in. for example. Jap- 
anese Patent Publication Open to Public Inspection No. 8-34160. 
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[01261 The employed amount of silane coupling agents illustrated above, having a quaternary ammonium base, is 
commonly in the range of 0.1 to 10 g per m 2 of the recorting sheet, and is preferably in the ranged 0.2 to 5 g^These 
silane coupling agents may be allowed to previously react with fine inorganic particles, may be added during an optional 
stage from coating of the ink absorptive layer to drying of the coating, or further may be provided in such a manner that, 
for example, its solution is prepared which is applied onto the previously formed ink absorptive layer. 
[0127] Preferably employed as water non-absorptive supports are transparent or opaque plastic resin film supports, 
pacer supports prepared by laminating the surfaces of paper with polyethylene, and the like. 
[01281 The transparent supports include, films composed of materials such as. for example, polyester series resins, 
aiacetate series resins, triacetate series resins, acrylic series resins, polycarbonate series ^ins polyvinyl chloride 
series resins, polyimide series resins, cellophane, celluloid, and the like. Of them, those are preferred.^ whjch are dura- 
ble for heat radiation when used for OHP. and polyethylene terephthalate is particularly preferred. The thickness of such 
transparent supports is preferably between about 10 and about 200 urn. ft is preferred to provide sublayers onthe.nk 
receptive layerside and the backing layer side from the viewpoint of adhesion of the ink receptee layer and backing 

[0129? ^Furthermore, preferably employed as supports which are used when transparency is not required are resin 
coated paper (so-called RC paper) having polyolefin resin coated layer comprising white pigments etc. on at least one 
surface of a paper sipport. and so-called white PET prepared by adding white pigments to polyethylene terephthalate. 
[01 30] With the purpose of enhancing adhesion strength between the above-mentioned support and the ink recep- 
tive layer the support is preferably subjected to corona discharge treatment and subbing treatment pnor to crating the 
ink receptive layer. Further, the recording sheet of the present invention is not always required to be colorless and may 

be a colored recording sheet. . . ± 4 . .„ 

[0131] As the ink jet recording sheet of the present invention, a paper support which is laminated with polyethylene 
on both surfaces is particularly preferred because recorded images approach photographic qualities and are obtained 
at relatively low cost. Such a polyethylene laminated paper support is described below. 

[0132] Paper employed for a paper support is produced employing wood pulp as a main raw material, and in addi- 
tion synthetic pulp such as polypropylene, etc. or synthetic fiber such as nylon, polyester, and the like, if required. As 
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the wood pulp any of LBKP, LBSP. NBKP. NBSP. LDP, NDP, LUKP. and NUKP can be employed. However. LBKP. NBSP. 
LBSP. NDP, and LDP having a shorter fiber portion are preferably employed in a larger ratio. However, a content rat.o 
of LBSP arid/or LDP is preferably between 1 0 and 70 weight percent. 

[01331 As the above-mentioned pulp, chemical pulp (sulfate pulp or sulfite pulp) containing minimum impurities is 
preferably employed, and pulp which is subjected to bleaching treatment to increase whiteness is ateo beneficial. 
?o7m] SThe paper, can appropriately be added higher fatty acids, sizing agents such as alWketene dimer. etc.. 
white pigments such as calcium carbonate, talc, titanium oxide, etc., paper strengthening ^ents such as Jan* I *>ly- 
acrylamfcie. polyvinyl alcohol, etc., fluorescent whitening agents, moisture ma.nta.ning agents such as polyethylene gly- 
col, etc.. dispersing agents, softening agents such as quaternary ammonium, etc. 

[01351 The degree of water freeness of pulp employed for paper-making is preferably between 200 and I 500 ml 
according to CSF specification. Furthermore, the sum of weight percent of 24-mesh residue and weight percent t of 42- 
meS calculated portion regarding the fiber length after beating, specified in JIS-P-8207 is preferably between 30 and 
70 percent Further, the weight percent of 4-mesh residue is preferably no more than20 weight, Percent 
[0136] The weight of the paper is preferably between 30 and 250 g/m 2 . and .s most preferably between 50 and 200 

g/m 2 . The thickness of the paper is preferably between 40 and 250 (im. 

101371 The paper may be calendered, during or after paper-making process, to result in enhanced smoothness. 
The density of the paper is generally between 0.7 and 1.2 g/m 2 (JIS-P-8118). Furthermore, the r.g.drty of the base 
paper is preferably between 20 and 200 g under conditions specified in JIS-P-8143. 

[01381 A surface sizing agent may be coated onto the surface of the paper. As surface sizing agents, the same as 
those described above which can be incorporated into the paper can be employed. j 

[0139] The pH of the paper, when measured employing a hot water extraction method specified in JIS-P-81 13, is 

mSf* ^^yefhjl'ene which covers both surfaces of the paper, low density polyethylene (LDPE) and/or I fiigh den- 
sity polyethylene (HDPE) is mainly employed. However, other than these. LLDPE. polypropylene, and the like can be 

partially evr&cy&i^ ^ polyethylene | ayer on the surface of an ink receptive layer is preferably one in which, as carried 
out in photographic papen rutile- or anatase-type titanium oxide is incorporated into polyethylene and c^crtyaswe^l 
as whiteness are improved. The content of titanium oxide is generally between 3 and 20 percent by we.ght of polyeth- 
ylene and is preferably between 4 and 13 percent by weight. 

[01421 Polyethylene coated paper can be employed as glossy paper. Furthermore, in the present invention, poly- 
ethylene coated paper having a matte or silk surface can also be employed, which is prepared by embossing when pol- 
vethvlene is melt-extrude-coated onto the surface of the paper. 

[0143] The employed amount of polyethylene on both surfaces of the paper is determined so that after proving an 
nk receptive layer and a backing layer, tendency to curl is minimized under ^^ h ^^Z^^r 
ness of the polyethylene layer on the ink receptive layer side is in the range of 20 to 40 nm and that of the backing layer 

[0144] ^FurthS! Se 1 abovSnSntioned polyethylene coated paper support having the following characteristics is pref- 
erably employed: 

1 . Tensile strength: being strength specified in JIS-P-81 1 3. 2 to 30 kg in the longitudinal direction, and 1 to 20 kg in 

rTea^nSh' to be 10 to 200 g in the longitudinal direction and 20 to 200 g in the lateral direction in accordance 
with the method specified in JIS-P-81 16 

3 Compression elastic modulus: 103 kgf/cm 2 or more . . 

4 Beck surface smoothness: preferably no less than 20-second light for a gloss surface under conditions specrf .ed 
in JIS-P-81 19. and for embossed paper support, acceptable for less than this value _ 

5 Opacity transmittance of visible light is preferably no more than 20% and most preferably no more than 15A 
under measurement conditions of parallel light incidence/diffused light transmission. 

[0145] With the recoiding sheet of the present invention, various types of hydrophilic layers such as a void layer a 
sublayer, etc.. which are optionally employed, if required, are coated onto a support employing a method I suitably 
selected from those known in the art. A preferred method is such that a coating composmon compos ,ng flayer s 
coated and dried. In this case, at least two layers can be simultaneously coated. Specifically, simultaneous coating is 
Drefened which coats all hydrophilic binder layers simultaneously. , J ■ 

; SSSl Employed as the coating methods are preferably a roll coating method, a rod bar coating method, an air knife 
coating method, a spray coating method, a curtain coating method, or an extrusion coating method employing a hopper, 
as described in U.S. Pat. No. 2.681 ,294. ro/v , n 

[01471 When images are recorded employing the ink jet recording sheet of the present invention, a recoiding 
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method using water-based ink is preferably employed. 

[0148] The water-based ink comprises liquid media composed of primarily colorant and water, and otwad^« 
Employed as colorants can be water-soluble dyes and water-dispersed pigments, known in the art regarding ink jet 
Drintina such as direct dyes, acid dyes, basic dyes, reactive dyes, or food dyes. etc. 

pnnting sucn asa j,^ ^ jnks m water and wa ter-soluble organic solvents, for example 

alcohols such as methyl alcohol, isopropyl alcohol, n-butyl alcohol, tert-butyl alcohol, isobutyl alcohol, etc.; am.des such 
« ^SSm^mid^dimethylacetemide. etc, ketones or ketone alcohols such as acetone, diacetone a cohol etc ; 
Sh as tetrahydrofran. dioxane. etc, po.yalky.ene glycols such as polyethylene g.yco po 
etc polyhydric alcohols such as ethylene glycol, propylene glycol, butylene glycol, methylene glycol. 1 2 6-hexanefr.oL 
10 thioglycol, hexylene glycol, diethylene glycol, glycerin, triethanolamine. etc, lower alkyl ethers of ^dnc ata)hols 
such as ethylene glycol methyl ether, diethylene glycol methyl (or ethyl) ether, methylene glycol monobutyl ether, etc.. 

WSOl ''""of a number of these water-soluble organic solvents, polyhydric alcohols such as diethylene glycol, trieth- 
anolamine. glycerin, etc.. and lower alkyl ethers of polyhydric alcohols such as methylene glycol monobutyl ether, etc.. 

15 mStT" Other additives for the water-based inks include, for example. pH regulators, sequestering agents, mildew- 
ckles. viscosity modifiers, surface tension adjusting agents, wetting agents, surface active agents, rust preyerrlwes etc. 
[0152] In order to improve wettability onto a recording sheet, the water-based ink solution generally has. at 20 C. 
a surface tension in the range of 25 to 60 dyn/cm. and preferably in the range of 30 to 50 dyn/cm. 



EXAMPLES 



[0153] The present invention is explained with reference to examples below, however, the present invention is not 

limited to these examples. 

25 [0154] In examples "%" represents the absolute dry weight percent, unless otherwise specified. 

Example 1 

(Preparation of Silica Dispersion-1 ) 

[0155] Employing a jet stream-inductor mixer. TDS, manufactured by Mrtamura Riken Kogyo Co.. 125 kg of gas 
phase method silica (Aerosil 300. prepared by Nihon Aerosil Kogyo Co.). having an average primary P^£«rr«ter 
of 0 007 urn. were suction-dispersed at room temperature into 620 liters of pure water hav.ng a pH of 3.0 adjusted with 
nitric acid. The total volume was then adjusted to 694 liters employing pure water. 

(Preparation of Silica Dispersion-2) 

[0156] Added while stirring to 18 liters of an aqueous solution (at a pH of 3.0) comprising 1.63 kg of the cationic 
polymer (P-1) described below. 2.2 liters of ethanol. and 1.5 liters of propanol. were 69.4 liters of Sil.ca D.spers.on-1. 
and subsequently. 1 g of an antrfoaming agent (SN381 . manufactured by San Nobuko Co.). 

[0157] The resulting mixture was dispersed employing a high pressure homogenizer manufactured by Sanwa 
Kogyo Co.. and the total volume was adjusted to 97 liters, employing pure water. 

P-1 

CH 3 CH 3 fH 3 CH 3 

^CH^C^CH^C-^CH^^— fcH^p-hj- + 

COOCH 3 COOC 2 H s COOCH 2 CH 2 OH COOCH 2 CH 2 N(CH 3 h • CI 
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55 (Preparation of a Coating Composition) 

[0158] The coating composition described below was prepared employing the aforementioned Dfepersion-2. 
[0159] Successively blended while stirring at 40 °C with 650 ml of silica Dispersion-2 were the additives descnbed 
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below: 



10 



1. 10% aqueous polyvinyl alcohol (PVA203, manufactured by Kuraray Kogyo Co.) solution 

2. 5% aqueous polyvinyl alcohol (PVA235, manufactured by Kuraray Kogyo Co.) solution 

3. Polyalkylenepolyamine-dicyandiamide based polycondensation product shown in Table 1 (the figure is 
the added amount per m 2 of the recording sheet) 

4. 10% aqueous acid processed gelatin solution 

5. The total volume is adjusted to 1 ,000 ml employing pure water. : 



6 ml 
240 ml 



24 ml 



is (Preparation of the Ink Jet Recording Sheet) 

[01601 Applied onto a polyethylene coated paper (comprising on the ink receptive layer side, anatase type titanium 
oxide, in anTmount of 8 percent by weight of said polyethylene, also, on the ink receptivelayer a gelatin "Uw hTO 
a weight of 0.05 g/m 2 , and on the opposite side, the bacWng layer comprised of 0.2 g/m 2 of latex having a Tg oT about 
20 80 °C) prepared by laminating both surfaces of a 1 70 g7m 2 base paper with polyethylene, was the f^ m ^^ r ^ . 
ing composition so as to obtain a wet layer thickness of 1 70 ^m. The coating was temporarily cooled to about 7 C and 
then dried with airflow at 20 to 65 °C. Thus Recording Sheets-1 through -5 were prepared. 



25 



Comparative Example 1 

[0161] Recording Sheets-1 A through -5A were prepared in the same manner as Example 1 , except that the support 
employed in Example 1 was replaced with a 1 70 jim thick hydrophilic cast coated paper. 
[0162] The light fastness of each of the obtained recording sheets was evaluated. 

so (Light Fastness) 

[01 63] Each recording sheet was printed in an ink jet printer, employing a water based ink comprising 2 ! percent by 
weight of phthalocyanine based cyanine dye, 6 percent by weight of glycerin, and 20 percent by weight of ethylene gly- 
col while varying stepwise the ejected ink amount. 
35 [0l'64] The resultantimagewas irradiated for 20 and 80 days with the printed surface be,ng "£"??¥£? c ^ 
Employing a fluorescent lamp fading test apparatus under two ambient conditions; 30 °C and 50% RH. and 30 -C and 
75% RH 

[0165] ' The reflection density after light irradiation by the fluorescent lamp, which had a reflection density of 1 .0, was 
denoted as the residual dye ratio and it was employed as the standard of light fastness. 
40 [0166] Table 1 shows the obtained results. 
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Table 1 



Recording 
Sheet 


Support 


Dicyandi- 
amide Based 
Polycond ensa- 
tion Product* 


Light F* 


istness 








30 °C and 50% RH 


30 °C and 


75% RH 








20 Days 




20 Days 


80 Days 


1 (Compara- 
tive Example) 


RC Paper 


not added 


0.92 


0.43 


0 85 ! 

W-OJ 


0.20 


2 (Present 
Invention) 


RC Paper 


A1(0.6) 


0.95 


0.82 




0.57 


3 (Present 
Invention) 


RC Paper 


A2(0.6) 


0.94 


0.83 




0.61 


4 (Present 
Invention) 


RC Paper 


A3(0.6) 


0.96 


0.81 


U.OS7 


0.65 


5 (Present 
Invention) 


RC Paper 


A4(0.6) 


0.94 


0.79 


0.92 


0.63 


1 A (Compara- 
tive Example) 


Cast Coated 
Paper 


not added 


0.85 


0.21 


0.71 


0.12 


2A (Compara- 
tive Example) 


Cast Coated 
Paper 


A1(0.6) 


0.86 


0.24 


0.74 


0.13 


3A (Compara- 
tive Example) 


Cast Coated 
Paper 


A2(0.6) 


0.87 


0.21 


0.73 


0.17 


4A (Compara- 
tive Example) 


Cast Coated 
Paper 


A3(0.6) 


0.84 


0.23 


0.69 


0.14 


5A (Compara- 
tive Example) 


Cast Coated 
Paper 


A4(0.6) 


0.85 


0.22 


0.67 


0.16 



RC Paper: Support laminated with polyethylene on both surfaces 

A1 : Kayaf ix M (manufactured by Nihon Kayaku Co.) 

A2: Nefix RP-70 (manufactured by Nikka Kagaku Co.) 

A3: Taijinfix 400 (manufactured by Nissei Kasei Co.) 

A4: Parafix EP (manufactured by Ohra Palladium Kagaku Co.) 



• Figure in parenthesis shows the added amount in g. 

[0167] From the results in Table 1 , it is revealed that the light fastness of Recording Sheets-1 through "5 of the 
present invention, employing a water non-absorptive support are highly superior to comparative Recording Sheets-1 A 
through 5A employing a water absorbable support, and the addition of the polyalkylenepolyamineKj.cyand.amKle based 
DOlycondensation products of the present invention further enhances light fastness. # 
[0168] On the other hand, when the hydrophilic support is employed, the addition of the polyalkylenepolyam.ne-d.c- 
yandiamide based polycond ensation products minimally enhances light fastness. 

Example 2 

[0169] Recording Sheets-21 trough 29 were prepared in the same manner, by adding water-soluble polyvalent 
metal compounds to Recording Sheet-2 prepared in Example 1 . Further, Recording Sheets-1 1 and -12 were also pre- 
pared in the same way as Recording Sheet-1 except that water soluble polyvalent metal compounds was added to 

Recording Sheet^ fastness Qf each Qf obtained Recording sheets was evaluated in the same manner as Example 1 , 
and bleeding after printing was evaluated as described below. Table 2 shows the obtained results. 
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(Bleeding) 

[0171 ] Cyan lines were printed employing the ink jet printer as well as the ink employed in the light fastness test, 
and were stored at 40 °C and 80% RH for 5 days. 

[0172] Une width (width between parts having one half of the maximum density was denoted as line width) was 
measured before and after storage, employing a microdensrtometer. Values obtained by the formula described below 
were denoted as bleeding. The lower the value, the more reduced Weeding, 

(Une width after storage (in urn) - line width before storage (in u m)/line width before storage (in u.m) 



70 



Table 2 



75 


Recording oneei 


lent Metal Salt* 


Light Fastness 


Bleeding 








30 °C and 50% RH 


30 °C and 


75% RH 










20 Days 


80 Days 


20 Days 


80 Days 




20 


1 (Comparative Exam- 
ple) 


not added 


0.92 


0.43 


0.85 


0.20 


0.29 




1 1 (Comparative Exam- 
ple) 


CaCI 2 (0.08) 


0.92 


0.45 


0.86 


0.23 


0.61 


25 


12 (Comparative Exam- 
ple) 


MgCl 2 (0.08) 


0.92 


0.47 


0.85 


0.21 


0.38 




2 (Present Invention) 


not added 


0.95 


0.82 


0.92 


0.57 


0.92 




21 (Present Invention) 


CaCI 2 (0.05) 


0.94 


0.80 


0.91 


0.61 


0.65 


30 


22 (Present Invention) 


CaCI 2 (0.20) 


0.91 


0.83 


0.91 


0.65 


0.48 


23 (Present Invention) 


CaCI 2 (0.80) 


0.92 


0.84 


0.92 


0.67 


0.32 




24 (Present Invention) 


CaCI 2 (2.00) 


0.92 


0.86 


0.93 


0.70 


0.27 




25 (Present Invention) 


CaCI 2 (10.0) 


0.92 


0.83 


0.93 


0.74 


0.25 


35 


26 (Present Invention) 


MgSO 4 (0.08) 


0.95 


0.84 


0.88 


0.68 


0.35 




27 (Present Invention) 


ZnSO 4 (0.08) 


0.94 


0.81 


0.91 


0.65 


0.37 




28 (Present Invention) 


AI 2 CI 3 (0.08) 


0.93 


0.83 


0.90 


0.66 


0.31 


40 


29 (Present Invention) 


K 2 SO 4 (0.08) 


0.94 


0.82 


0.89 


0.64 


088 




All supports are RC pap< 


3r. 
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* Figure in parenthesis shows the added amount in g. 

[0173] From the results in Table 2, it is found that the addition of the polyalkylenepolyamine-dicyandiamide based 
oolycondensation products somewhat increases bleeding (when comparing Recording Sheet-2 with respect to Record- 
ing Sheet- 1). Further, it is found that the light fastness of Recording Sheets-1 1 and 12 degrades, when stored over an 
extended period of time. . . 
[01741 As this cause, it is considered that dyeability to cationic polymers, having higher dye fixabilrty, is degraded 
by the polyalkylenepolyamine<Jicyandiamide based polycondensation product. However, it is found that the bleeding of 
Recording Sheets-21 trough -28 comprising the water-soluble polyvalent metal salt is reduced without adversely affect- 
ing the light fastness. . , . . . Mlfcs 

[0175] It is found that in Recording Sheet-29, comprising a salt, which does not belong to the polyvalent metal salts, 
no improved effects are obtained for bleeding. Further, it was observed that Recording Sheet-25 tended to exhibit sur- 
face bronzing. 
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Example 3 

[0176] The Silica Dispersion-3 comprising a boric salt was prepared in the same manner as Silica Dispersion 2 pre- 
pared in Example 1 . 

(Preparation of Silica Dispersion-3) 

[0177] Added while stirring to 18 liters of an aqueous solution (having a pH of 3.0) containing 1 .63 kg of the cationic 
polymer (P-1 described above), 2.2 liters of ethanol, and 1.5 liters of propanol were 69.4 liters of Silica Dispersion-^ 
10 Then, added to the resulting mixture were 7.0 liters of an aqueous solution containing 260 g of boric acid and 230 g of 
borax, and subsequently. 1 g of an antifoaming agent (SN381 . described above). 

[0178] The resulting mixture was subjected to dispersion, employing a high-pressure homogenizer manufactured 
by Sanwa Kogyo Co., and the total volume was adjusted to 97 liters with pure water. 

15 (Preparation of a Coating Composition) 

[01 79] The coating composition described below was prepared, employing the aforementioned Silica Dispersion-3, 
so that the polyalkylenepolyamine<iicyandiamide based polycondensation product was added in the amounts shown in 

20 [0180] 3 ' While stirring added to 650 ml of Silica Dispersion-3 were successively added the additives described 
below: 



25 



30 



1.10% Aqueous polyvinyl alcohol (PVA203, described above) solution 

2. 5% Aqueous polyvinyl alcohol (PVA235, described above) solution 

3. Polyalkylenepolyamine<licyandiamide based polycondensation product shown in Table 3 (the figure is 
the amount added per m 2 of the recording sheet) 

4. 10% Aqueous acid process gelatin solution 

5. The total volume was adjusted to 1 ,000 ml. employing pure water. 



6 ml 
260 ml 



24 ml 



35 < Preparation of Recording Sheets) 

[0181] Recording Sheets-31 through -35, comprising boric acid corresponding to Recording Sheets-1 through -5 
prepared in Example 1, were prepared in the same manner as Example 1. However, as the support, RC paper was 

40 [0182] "me obtained Recording Sheets were subjected to evaluation for light fastness, as well as bleeding in the 
same manner as Examples 1 and 2. The results, shown in Table 3, were obtained. 
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Table 3 



5 


Recording Sheet 


Dicyandiamide Based 
Polycondensation rrou- 
uct* 


Light Fastness 


Bleeding 








30 °C and 50% RH 


30 °C and 


75% RH 










20 Days 


80 Days 


20 Days 


80 Days 




10 


1 (Comparative Exam- 
Die) 


not added 


0.92 


0.43 


0.85 


0.20 


0.29 




2 (Present Invention) 


A1(0.6) 


0.95 


0.82 


0.92 


0.57 


0.92 




3 (Present Invention) 


A2(0.6) 


0.94 


0.83 


0.90 


0.61 


1.01 


15 


4 (Present Invention) 


A3(0.6) 


0.96 


0.81 


0.89 


0.65 


0.898 




5 (Present Invention) 


A4(0.6) 


0.94 


0.79 


0.92 


0.63 


0.72 


20 


31 (Comparative Exam- 
ple) 


not added 


0.91 


0.40 


0.82 


0.16 


0.28 


32 (Present Invention) 


A1(0.6) 


0.93 


0.79 


0.90 


0.55 


0.41 




33 (Present Invention) 


A2(0.6) 


0.91 


0.81 


0.87 


0.57 


0.36 




34 (Present Invention) 


A3(0.6) 


0.93 


0.80 


0.85 


0.58 


0.37 


25 


35 (Present Invention) 


A4(0.6) 


0.92 


0.82 


0.90 


0.60 


0.36 




All supports are RC pap< 


jr. 



' Figure in parenthesis shows the added amount in g. 



[01831 From the results of Table 3, it is found that bleeding of Recording Sheets comprising boric salts .s reduced 
due to the addition of the polyalkylenepolyamine-dicyandiamide based polycondensation product, without adversely 
affecting the light fastness. Example 4 

35 (Preparation of Silica Dispersion-4) 

[0184] Silica Dispersion-4 was prepared in the same manner as Silica Dispersion-2. except that in Silica Disper- 
sion-3, cationic polymer P-1 was replaced with P-2, and the weight of boric acid and borax was var.ed to 200 g and 210 
g, respectively. 



40 



45 



50 



P-2 



4 . . 

CH 2 N(CH 3 ) 3 - CI 



55 (Preparation of Titanium Oxide Dispersion) 

[0185] Added to 75 liters of an aqueous solution containing one liter of 5% aqueous sodium tripolyphosphate solu- 
tion. 10 liters of polyvinyl alcohol (PVA235). 3 ml of an antifoaming agent (SN381), and 1.5 kg of cationic polymer (P- 
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1) were 25 kg of titanium oxide W-10 (manufactured by Ishihara Sangyo Co.), and the resulting mixture was dispersed 
employing a high pressure homogenizes The total volume was then adjusted to 100 liters by adding pure water. Thus 
a titanium oxide dispersion was obtained. 

5 (Preparations Oil Dispersion-1) 

[0186] Added at 50 °C to 270 liters of an aqueous solution containing 1 1 kg of acid process gelatin, 10 kg of cationic 
polymer (P-1) and 270 liters of an aqueous solution comprising 1 1 kg of saponin were 34 kg of di-i-decyl phthalate and 
45 liters of ethyl acetate, and the resulting mixture was subjected to emulsified dispersion, employing a high pressure 
10 homogenizes Thereafter the total volume was adjusted to 380 liters by adding pure water. Thus Oil Dispers.on-1 was 
prepared. 

(Preparation of Coating Compositions) 
15 [01 87] The four types of coating compositions described below were prepared. 





Coating Composition for First Layer (lowest layer) 




20 


Silica Dispersion-3 


600 ml 




1 0% Aqueous polyvinyl alcohol (PVA203) solution 


6.1 ml 




5% Aqueous polyvinyl alcohol (PVA235) solution 


260 ml 
29 ml 
33 ml 


25 


Oil Disperion-1 




Titanium oxide dispersion 




Cationic latex (AE-803, manufactured by Showa Kobunshi Kogyo Co.) 


36 ml 




Polyalkylenepolyamine-dicyandiamide based polycondensation product (figures show the added 




30 


amount per m 2 of the recording sheet) 


1000 ml 




Pure water to make 




(pH of the coating solution is 4.5) 





35 . 



40 



45 



50 



Coating Composition for Second Layer 



Silica Dispersion-3 

1 0% Aqueous polyvinyl alcohol (PVA203) solution 
5% Aqueous polyvinyl alcohol (PVA235) solution 
Oil Dispersion-1 

Cationic latex (AE-803, described above) Polyalkylenepolyamine-dicyandiamide based 
polycondensation product shown in Table 4 (figures show the added amount per m 2 of the recording 
sheet) 

Pure water to make 

(pH of the coating solution is 4.5) 



670 ml 
6.1 ml 

240 ml 
41 ml 
11 ml 



1000 ml 



55 
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Coating Composition for Third Layer 



5 



Silica Dispersion-4 

10% Aqueous polyvinyl alcohol (PVA203) solution 
5% Aqueous polyvinyl alcohol (PVA235) solution 
Oil Dispersion-1 

Cationic latex (AE-803, described above) 

Pure water to make 

(pH of the coating solution is 4.5) 



630 ml 



6.1 ml 



260 ml 



10 



41 ml 



11 ml 



1000 ml 



15 



20 



Coating Composition for Fourth Layer (being upper most layer) 



Silica Dispersion-4 . . 


610 ml 


10% Aqueous polyvinyl alcohol (PVA203) solution 


6.1 ml 


5% Aqueous polyvinyl alcohol (PVA235) solution 


270 ml 


Silicone oil dispersion (By-22-839, manufactured by Toray-Dow Corning-Silicone Co.) 


16 ml 


50% aqueous saponin solution 


2 ml 


Pure water to make 


1000 ml 


(pH of the coating solution is 4.5) 





(Preparation of Recording Sheet) 

35 

[0188] Recording Sheets-41 through -45 and Recording Sheets-41 A through -45A were prepared by simultane- 
ously applying the above-mentioned first through fourth layer coating compositions onto a support employed in Exam- 
ple 1 so as to obtain a wet layer thickness of 45 ^im for each. 

[0189] Employing these Recording Sheets, light fastness was evaluated in the same manner as for Example 1 , and 
40 the results shown in Table 4 were obtained. 
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Table 4 



5 


Recording Sheet 


Support ! 


Dicyandiamide 
Based Polyconden- 
sation Product* 


Light Fastness 

t 










30 °C and 50% RH 


30 °C and 


75% RH 










20 Days 


80 Days 


20 Days 


80 Days 


10 


41 (Comparative 
Example) 


RC paper 


not aaoea 


0.91 


0.57 


0.87 


0.24 




42 (Present Inven- 
tion) 


RC paper 


A 1(0.4) 


0.95 


0.84 


0.94 


0.63 


15 


43 (Present Inven- 
tion) 


RC paper 


A2(0.4) 


0.96 


0.85 


0.94 


0.66 




44 (Present Inven- 
tion) 


RC paper 


A3(0.4) 


0.97 


U.oo 


0.92 


0.69 


20 


45 (Present Inven- 
tion) 


RC paper 


A4(0.4) 


0.95 


0.83 


0.93 


0.61 




Example) 


pact r*rtatprl nanpr 


not 3oci6d 


0.81 


.0.18 


0.65 


0.10 


25 


42A (Comparative 
Example) 


cast coated paper 


A1(0.4) 


0.84 


0.22 


0.69 


0.12 




43A (Comparative 
Example) 


cast coated paper 


A2(0.4) 


0.86 


024 


0.65 


P-11 


30 


44A (Comparative 
Example) 


cast coated paper 


A3(0.4) 


0.84 


0.20 


0.61 


0.12 




45A (Comparative 
Example) 


cast coated paper 


A4(0.4) 


0.81 


0.20 


0.62 


0.15 



35 * Figure in parenthesis shows the added amount in g. 



[0190] From the results of Table 4, it is found that when the ink absorptive layer is composed of a multilayer; poly- 
alkylenepolyamine-dicyandiamide based polycondensation products are incorporated into two layers adjacent to the 
40 support; and the support is hydrophobic, fading resistant effects are obtained. 

Example 5 

[0191] An oil dispersion was prepared in the same manner as Oil Dispersion 1 , except that during the preparation 
45 of Oil Dispersion-1 of Example 4, each of the hydrophobic antioxidants shown in Table 5 was added together with di-i- 
decyl phthalate and ethyl acetate. In Table 5, the numerical value is the total added amount per m 2 of the recording 
sheet. 

[0192] Recording Sheet-51 through -55 (comprising polyalkylenepolyamine-dicyandiamide based polycondensa- 
tion products corresponding to Recording Sheet-42) were prepared in the same manner as Recording Sheet-41 and - 
so 42, except that Oil Dispersions for the first layer to the third layer of Recording Sheet-41 and -42 were replaced with Oil 
Dispersions prepared as described above. 

[0193] The light fastness of these Recording Sheets was evaluated in the same manner as Example 1 and the 
results shown in Table 5 were obtained. 
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Table 5 



Recording Sheet 


Hydrophobic Antioxi- 
dant* 


Light Fastness 






30 °C and 50% RH 


30 °C and 75% RH 






20 Days 


80 Days 


20 Days 


80 Days 


42 (Present Invention) 


not added 


0.95 


0.84 


0.94 


0.63 


51 (Present Invention) 


S1(0.4) 


0.95 


0.88 


0.96 


0.82 


52 (Present Invention) 


S2(0.4) 


0.96 


0.87 


0.95 


0.81 


53 (Present Invention) 


S3(0.4) 


0.95 


0.88 


0.94 


0.79 


54 (Present Invention) 


S4(0.4) 


0.96 


0.89 


0.94 


0.82 


55 (Present Invention) 


S5(0.4) 


0.96 


0.88 


0.95 


0.83 


41 (Comparative Example) 


not added 


0.91 


0.57 


0.87 


0.24 


51 B (Comparative Example) 


S1(0.4) 


0.92 


0.62 


0.88 


0.32 


52B (Comparative Example) 


S2(0.4) 


0.92 


0.59 


0.88 


0.27 


53B (Comparative Example) 


S3(0.4) 


0.91 


0.60 


0.89 


0.31 


54B (Comparative Example) 


S4(0.4) 


"0.92 


0.61 


0.88 


0.33 


55B (Comparative Example) 


S5(0.4) 


0.91 


0.63 


0.89 


0.29 



* Figure in parenthesis shows the added amount in g. 
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C 4 H9<t) 



OC 8 H 17 



S3 

(t)C 4 H 9 C 5 Hn(t) 




[0194] From the results shown in Table 5, it is found that the fading resistant effects of the polyalkylenepolyamine- 
dicyandiamide based polycondensation products are maintained for a longer period of time. Particularly, it is found that 
said effects are markedly exhibited when stored at higher humidity. 

[0195] On the other hand, when the polyalkylenepolyamine-dicyandi amide based polycondensation products are 
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not incorporated, high fading resistant effects are not obtained by the addition of the aforementioned antioxidants. 
Example 6 

[0196] Recording Sheets-61 through -66 and Recording Sheets-61 B through -66B were prepared in the same man- 
ner as Example 4, in which to Recording Sheets-41 and -42 of Example 4, the various additives shown in Table 6 were 
added. 

[0197] Each of the aforementioned additives was dissolved in either water or methanol. The resulting solution was 
added to the first layer coating composition. The added amount shown in Table 6 is the amount per m 2 of the recording 
sheet. 

[0198] Corresponding to Recording Sheet-42, Recording Sheets-61 through -66 comprise polyalkylenepolyamine- 
dicyandiamide based polycondensation products, while corresponding to Recording Sheet-41, Recording Sheets-61 B 
through -66B do not comprise polyalkylenepolyamine-dicyandiamide based polycondensation products. 
[0199] The obtained recording sheets were evaluated in the same manner as Example 4. Table 6 shows the 
obtained results. 



Table 6 



20 



25 



30 



40 



45 



50 



Recording Sheet 


Additive* 


Light Fastness 






30 °C and 50% RH 


30 °C and 75% RH 






20 Days 


80 Days 


20 Days 


80 Days 


42 (Inv.) 


not added 


0.95 


0.84 


0.94 


0.63 


61 (Inv.) 


AA (0.4) 


0.97 


0.87 


0.96 


0.80 


62 (Inv.) 


GLU(0.8) 


0.96 


0.88 


0.95 


0.81 


63 (Inv.) 


HAS(0.4) 


0.96 


0.89 


0.96 


0.83 


64 (Inv.) 


DTE(0.4) 


0.96 


0.90 


0.95 


0.84 


65 (Inv.) 


MBI(0.4) 


0.96 


0.90 


0.95 


0.85 


66 (Inv.) 


TS (0.2) 


0.95 


0.91 


0.96 


0.86 


41 (Inv.) 


not added 


0.91 


0.57 


0.87 


0.24 


61B(Comp.) 


AA (0.4) 


0.94 


0.63 


i 0.89 


0.27 


62B(Comp.) 


GLU(0.8) 


0.95 


0.60 


0.88 


0.22 


63B(Comp.) 


HAS(0.4) 


0.94 


0.61 


0.87 


0.26 


64B(Comp.) 


DTE(0.4) 


0.96 


0.62 


0.88 


0.26 


65B(Comp.) 


MBI(0.4) 


0.96 


0.61 


0.89 


0.24 


66B(Comp.) 


TS (0.2) 


0.96 


0.62 


0.90 


0.28 


AA: ascorbic acid 
GLU: glucose 

HAS: HON(CH 2 CH 2 S03Na)2 

DTE: HOCH 2 CH2SCH2CH 2 SCH2CH 2 OH 

MBI: 2-mercaptobenzimidazole 

TS: thiocyanuric acid 



* Figure in parenthesis shows the added amount in g. 



[0200] From the results shown in Table 6, it is found that when the water-soluble reducing agent is employed 
together with the polyalkylenepolyamine-dicyandiamide based polycondensation product (Recording Sheets-61 
55 through -63), or is employed together with the sulfur containing compound (Recording Sheets-64 through -66), light 
fastness is improved over an extended period of time. 

[0201] On the other hand, when the polyalkylenepolyamine-dicyandiamide based polycondensation products are 
not incorporated, the addition of only the aforementioned additives exhibits insufficient fading resistant effects for 
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phthalocyanine based dyes. 

[0202] Recording Sheets-1X through -5X and Recording Sheets-1 AX through -5AX were prepared in the same 
manner as Example 1. except that during the preparation of Silica Dispersion-2 in Example 1, cationic polymers, were 
not used. Evaluation was carried out in the same manner as Example 1 . Table 7 shows the obtained results. 



Table 7 



10 



15 



20 





30 °C and 50% RH 


30 °C and 75% RH 




20 Days 


80 Days 


20 Days 


80 Days 


IX 


0.98 


0.82 


0.90 


0.46 ; 


2X 


0.99 


0.89 


0.94 


0.80 | 


3X 


0.99 


0.91 


0.96 


0.79 


4X 


0.98 


0.90 


0.95 


0.76 


5X 


0.98 


0.88 


0.93 


0.78 


1AX 


0.87 


0.24 


0.80 


0.20 


2AX 


0.86 


0.27 


0.79 


0.21, 


3AX 


0.89 


0.30 


0.83 


0.34 


4AX 


0.90 


0.29 


0.84 


0.33 


5AX 


0.90 


0.31 


0.83 


0.35 



[0203] From the results shown in Table 7, it is found that even though the cationic polymers are not incorporated, 
light fastness is improved by incorporating the polyalkylenepolyamine-dicyandiamide based polycondensation products 
into a water non-absorptive support. 
30 [0204] Recording Sheets- 1Y through -5Y and Recording Sheets-1 AY through -5AY were prepared by applying an 
exemplified silane coupling agent (SC-2) onto each surface of Recording Sheets- 1X through -5X and Recording 
Sheets-1 AX through -SAX so as to obtain an applied amount of 1 .0 g per m 2 on the recording sheet. Light fastness was 
evaluated in the same manner as Example 1 . Table 8 shows the obtained results. 
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Table 8 



45 





30 °C and 50% RH 


30 °C and 75% RH 




20 Days 


80 Days 


20 Days 


80 Days 


1Y 


0.94 


0.40 


0.83 


0.31 


2Y 


0.96 


0.75 


0.90 


0.55 


3Y 


0.97 


0.80 


0.89 


0.61 


4Y 


0.95 


0.79 


0.89 


0.62 


5Y 


0.94 


0.81 


0.88 


0.59 


1AY 


0.86 


0.37 


0.81 


0.34 


2AY 


0.85 


0.39 


0.80 


0.32 


3AY 


0.83 


0.40 


0.78 


0.32 


4AY 


0.86 


0.44 


0.77 


0.41 


5AY 


0.84 


0.42 


0.80 


0.35 



[0205] Employing ink jet printer PM770C, manufactured by Seiko-Epson Co., an image (highly detailed color digital 
standard image data "No. 5 Bicycle" published by Zaidan Hojin Nihon Kikaku Kyokai (Foundation, Japanese Standards 
Association) in December 1995, was printed onto Recording Sheets-1 through -5, -1X through -5X, and -1Y through - 
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5Y prepared in Examples 1, 7, and 8. After immersing each of the resulting prints in 30 °C pure water for about one 
minute, rt was subjected to natural drying. 

[0206] The degree of dye bleeding to the white area in each resulting print was visually observed and was rated into 
four grades. 

5 

(A) Almost no bleeding traces were observed 

(B) Bleeding traces were observed, which hardly affected the entire image 

(C) Marked but only partial bleeding traces were observed 

(D) Marked bleeding traces were observed over the entire image Table 9 shows the obtained results. 
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Table 9 





Example 1 


Example 7 


Example 8 


1 


B 


D 


c | 


2 


A 


C 


B 


3 


A 


C 


B 


4 


A 


C , 


B ' j 


5 


A 


C 


B 



[0207] From the results in Table 9. it is found that even though the cationic fixing agent is not incorporated, the water 
resistance is somewhat improved by the addition of the polyalkylenepqlyamine based polycondensation products, but 
25 the addition of the cationic fixing agent results in more preferred water resistance. 

Claims 

1 . An ink jet recording sheet comprising a water non-absorptive support having thereon a porous ink absorptive layer 
30 comprising dicyandiamide polycondensation product. 

2. An ink jet recording sheet comprising a water non-absorptive support having thereon a porous ink absorptive layer 
comprising polyalkylenepolyamine-dicyandiamide polycondensation product. 

35 3. The ink jet recording sheet of claim 1 or 2 wherein the porous ink absorptive layer comprises a cationic f ixing-agent 
having quaternary ammonium bases in its molecule. 

4. The ink jet recording sheet of claim 3 wherein the cationic f ixing-agent is a cationic polymer. 

40 5. The ink jet recording sheet of claim 3 wherein the cationic f ixing-agent is a si lane coupling agent. 

6. The Inkjet recording sheet of claim 1 or 2 wherein the porous ink absorptive layer comprises boric acids or its salt. 

7. The ink jet recording sheet of claim 1 or 2 wherein the porous ink absorptive layer comprises water-soluble polyva- 
45 lent metal ion. 

8. The ink jet recording sheet of claim 1 or 2 wherein the porous ink absorptive layer comprises a water-soluble reduc- 
ing agent. 

so 9. The ink jet recording sheet of claim 1 or 2 wherein the porous ink absorptive layer comprises a sulfur-containing 
compound. 

10. The ink jet recording sheet of claim 1 or 2 wherein the porous ink absorptive layer comprises a hydrophobic anti- 
oxidant. 

55 

1 1 . The ink jet recording sheet of claim 10 wherein the hydrophobic antioxidant is emulsified dispersion. 

12. The ink jet recording sheet of claim 1 or 2 wherein the porous ink absorptive layer comprises a latex-based polymer. 
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